In another contribution to this conference [l] the design of superconducting cavities for low velocity proton beams will be reported. Besides an optimization of the rf properties of the accelerating n-mode, other modes, possibly excited by the traversing proton beam, need to be regarded. The full spectrum of modes in @ = 0.64 and @ = 0.82 5-cell cavities, as proposed for the Accelerator Production of Tritium (APT) facility [4], has been calculated up to frequencies higher than 2.0 GHz. These have been evaluated for their potential to affect the beam. The presence of "trapped" modes has also been investigated. In addition to the specific mode spectrum, the total power deposited into the cavities by the beam has been determined from the induced wake-fields. Due to the operation with beams below the velocity of light, extreme care was required to prevent incorrect results by wave reflections from the boundaries of the calculation volume. The simulations indicate that a power deposition of up to 17 W per cavity can be expected in the worst case. This power might have to be removed by higher order mode couplers, which is a technically feasible task. Transporting this power out to a room temperature dump does not even noticeably increase the requirements to the cryogenic system. Also for the prevention of beam break-up effects and for suppression of resonant excitation of specific higher order modes (HOMs) it is of interest to investigate the removal of this HOM-power. Different approaches to implement this removal technically are entertained.
INTRODUCTION
The HOM spectrum, which includes modes with frequencies above and below the accelerating T M O l O n-mode, has been calculated with the MAFIA rf-solver [3] . The simulations have been done for the monopole modes that can deposit energy into the cavity and can change the energy of the traversing bunches. Also the dipole modes that can cause beam deflection have been investigated. The simulations for both ps have been done in an axisymmetric 2d model of a full five-cell cavity.
THE HIGHER ORDER MONOPOLE MODE SPECTRUM FOR THE p = 0.64 CAVITY
The monopole spectrum of the medium-@ cavity has been calculated up to a frequency of about 2.8 GHz. The two lowest mode bands (TM010 and TM020) and some of their properties are presented in the following The modes of the T M O l O band are not equally spaced, this indicates that the coupling between cells is determined by next-neighbor and second-neighbor coupling. This behavior is due to the large pipe and iris size of 6.5 cm. All modes in the bands given in Table 1 are below the pipe cut-off and need to be considered for a potential deposit of power into the cavity, if excited by the traversing bunches. The potentially most dangerous mode is the TM020 "zero" mode. Its frequency is close to a multiple of the bunch repetition frequency of 350 MHz. We are looking into a slight modification of the end-cell geometry, to remove this multiplicity. All other monopole modes are above pipe cut-off. They can travel out of the cavities and pose a lower risk for dangerous bunch interaction or increasing the cryogenic load. Their only danger could be, if they are structure modes, whose significaint field-amplitudes could be trapped in the inner cells of a. cavity. The spectrum, up to the limit it was calculated, did not indicate any such modes. These results have been obt,ained using an average pipe-length between neighboring c,avities. A detailed study using all distinct cavity distances present in the design, is under way to rule out any mode traipping for certain cavity arrangements. It should be mentioned that the loss-factors listed above are valid for particles at @=l.O. The loss-factors at the velocities seen in the actual accelerator are lower. See also the section on wake fields. The T M l l l modes above the 3n/5 mode are above cutoff. The higher part of the mode spectrum is determined by pipe and cavities. Thus there are more than 5 modes in this band. Only the lowest 6 modes are listed here. The 3n/5-mode is close to a multiple of 350 MHz and needs a closer look, to evaluate its danger for BBU.
WAKE FIELD SIMULATIONS
Wake-field calculations give an estimate of the integrated power deposited into HOMs by bunches traversing a cavity. So far the power deposition into the monopole modes has been calculated with the MAFIA T2 solver. The difficulty in these simulations is the velocity of the bunches. The simulation codes have formulations for open boundary conditions. These can simulate beam pipes that have no reflection for out-going waves. Unfortunately these formulations depend on moving charges with , B = 1.0. For slower bunches closed boundary conditions have to be chosen. These result in reflection of the outgoing waves that move faster than the bunches. The reflections can act back on the bunch and change the wake potentials. Thus these simulations have to be set up carefully to minimize these wake excitation is strongly P-dependent. Modern wake-effects. I have used long beam-pipes that were tapered off at the ends. This increased the time needed for waves to travel between the boundaries. Also, their velocity is artificially reduced by enforcing multiple reflections between the pipe walls. All wake-functions have been inspected visually to rule out the possibility that the bunch saw the large excursions of the artificially added reflected waves. At the left end of the plot you see an overlap of the calculated wake and the charge distribution in a bunch, assumed to be Gaussian. The choice of calculation volume has to make sure that the large wake excursions due to the artificial reflections occur outside of the bunch-frame. 
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The latter assumption is an overestimate. A major part of the HOM spectrum goes into modes above pipe cutoff. These modes can leave the structure without adding to the cryogenic load of the cavity. Their power could be removed in a warm part of a beam-pipe. Also most modes are not at multiples of the bunch repetition frequency. Their HOM power is out of phase with the traversing bunches and some of the power could on average go back into succeeding bunches of the beam. We are working on a less conservative estimate of HOM power to be removed. It should also be mentioned that the wake simulations have been done for a single-cell cavity. The 5-cell cavity value has been assumed to be five times this value. The validity of this approach has been tested for a = 1.0 beam. For comparison also some numbers for an electron linac have been added to the table to demonstrate the strong variation with P and bunch-length, that both work in advantage of the protoin linac.
HIGHER ORDER MODE COUPLERS
HOM power needs to be considered for two different reasons. First, the power deposited into the cavities can add significantly to the cryogenic load of the system. The worst case estimate done in the previous section indicates that the HOM[ power can be of the same order as the rf-losses from the accelerating mode itself. Second, HOM modes can have an adverse effect on the beam-dynamics if single modes act on the bunch to cause deflection or emittance growth. Since the APT facility needs to run very reliable for a long time without a long start-up time, it was decided to add HOM coupling as a safety measure. There are two venues investigated right now. The first is to add dedicated HOM couplers at both ends of each cavity. For tlhis approach we look at loop-coupler geometries.
These coaxial type couplers have a broad band capability to remove unwanted modes without affecting the accelerating mode strongly. A second path is to investigate the main-coupler potential to remove HOM power. In particular, all TMo,h-type modes will couple strongly to this coupler. If all modes that need to be considered show a sufficiently strong coupling to this coupler, and if we find a setup tlhat allows to remove this power before it would reach the coupler window, we will try to avoid additional dedicated HOM couplers.
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